INTRODUCTION
Nitrogen is the most essential mineral nutrient that promotes sufficient plant growth and consequently yield. It is absorbed by roots either as ammonium (NH 4 + ) or nitrate (NO 3 − ) ion and incorporated in amino acids and eventually proteins (Blom-Zandstra, 1989 ). The most common N source in hydroponics is nitrate ). Frequently farmers use excessive rates of nitrogen in vegetables to avoid N-deficiency (Porto et al., 2008) , ignoring environmental pollution, increase in production cost as well produce quality deterioration problems (Wang et al., 2008 and Montemurro, 2010) . Nitrate is a common chemical compound in the nature and is widely found in soils, waters, plants, and foods. Generally, nitrate in vegetables is considered to be the main source of dietary nitrate intake (Santamaria et al., 1998) . It has been shown that 72%-94% of the NO 3 − in the human body was derived from vegetables (Dich et al., 1996; Shen et al., 1982) . Some previous researches suggested that the vegetables with high nitrate in the diet could put a human into the risk of gastrointestinal cancer and methemoglobinaemia (Bartsch et al., 1988 and Slob et al. , 1995) .
Therefore, there is great concern about the nitrate content in the daily diet, especially in leafy vegetables. Then, some governments have stipulated official limits for NO 3 − in certain vegetables and drinking water. So, many governments and international organizations have set maximum nitrate levels for vegetables, for example, the maximum acceptable NO 3 − concentration was 3500 mg NO 3 − kg −1 (fresh weight) for winter-grown crops in Germany (Anonymous, 1993) and 3000 mg NO 3 − kg −1 (fresh weight) for leafy vegetables in China (Anonymous, 2003) (Gunes et al., 1994; Inal and Tarakcioglu, 2001; Inal et al., 1995; Wang et al.,2004; Wang et al.,2008 and Tsouvaltzis et al.,2014 ) The purpose of this study was to investigate the effects of NO 
MATERIALS AND METHODS
The experiment was conducted in green house, at Soil Department, Faculty of Agriculture, Cairo University during 2015 winter season.
Seeds of lettuce iceberg (Lactuca sativa) var Sahara were sowed in peat moss blocks .Fifteen-dayold seedlings were transplanted at rate of three plants per meter in gutters of 4 meters in length, spaced 30 cm apart, and held at a slope of 5%. Lettuce plants were grown in green house from 10 January to 25 February, 2015. The nutrient solution were held in 20-L containers, each container supplying on gutters (i.e. one treatment)
Eighteen treatments were used in the experiment (Table 1 ). The eighteen treatments included six amino acids (AA), argnine (Arg), alanine (Ala), aspartic acid (Asp), glutamic acid (Glu), glutamine (Gln), , glycine (Gly) and three NO3-N/AA-N molar ratios: (1) 100: 0, (2) 80:20 and (3) 60:40 . All treatments had the same total N concentration at rate of 12.5 mmol L -1 in nutrient solution.
Other macronutrient compositions in the nutrient solutions were kept the same for all treatments [2 mmol
iron-[ethylenediaminetetraacetic acid (EDTA)] . The nutrient solutions also contained the same concentrations of micronutrients for all treatments as described by Hoagland and Arnon (1950) . Treatments were arranged in a randomized complete block design with three replicates.
During the experiment, pH of nutrient solutions was maintained at about 6.0 by addition of either 1 mmol L −1 sodium hydroxide (NaOH) or sulfuric acid (H 2 SO 4 ) and the nutrient solutions were replaced every four days.
After 45 days from transplanting, the plants were harvested at a commercial stage of development. Two plants from each pot were sampled for NO 3 − -N determination on fresh material. The plants were rinsed with deionized water, separated into shoot and root, weighed and dried at 70C
• for 48 hr in an oven. Thereafter plants weighed.
Nitrate-N was determined by colourimetric method as described by Singh (1988) . Table 1 Wang et al.,(2008) who reported that when 20% of nitrate-N was replaced with (Arg)compared to the full nitrate treatment, pakchoi shoot fresh and dry weight increased significantly (P ≤ 0.05), but when 20% of nitrate-N was replaced with (Ala), (Asp), (Glu), (Gly), valine (Val), leucine (Leu), isoleucine (Ile), proline (Pro), phenylalanine(Phe), methionine (Met), lysine (Lys), serine (Ser), threonine (Thr), cysteine (Cys), and tyrosine (Tyr), shoot fresh and dry weight decreased significantly (P ≤ 0.05). After replacing 20% of nitrate-N with asparagine (Asn) and (Gln), shoot fresh and dry weights were unaffected. Fresh and dry weight of shoot and root were significantly lower in Glu treatment than in all other treatments when NO 3 − -N/AA-N ratios were 80:20 and 60:40.Shoot fresh weights, root fresh and dry weights were significantly higher in (Arg) treatment than other treatments, while shoot dry weight was significantly higher only when 40% of the NO 3 − -N was replaced by (Arg) than other treatments. These results indicated that the replacement of NO 3 − -N by AAs as N sources inhibited plant growth and (Glu) had stronger inhibitory effect than all other treatments. The inhibitory effect increased with increasing replacement of NO 3 − -N by AA-N. Nitrate increases production of physiologically active forms of cytokinins which stimulate leaf growth (Rahayu et al., 2005) . Nitrate also functions as osmotica in vacuoles for cell extension (Marschner, 1995) .
However, Gunes et al., (1994 Gunes et al., ( , 1996 indicated that replacing 20% of the nitrate with Gly or a mixture of amino acids did not affect fresh and dry weight of onion and lettuce. -N/AA-N ratio was 60:40. The use of hydrolyzed protein solution containing 11.3% Lamino acids (alanine, arginine, aspartic acid, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tyrosine and valine), 4% total N and 25% organic matter,as alternative of inorganic supplemental fertilization is of high importance, in order to minimize nitrate content in lettuce (Tsouvaltzis et al. 2014) .The reasons for the inhibition were probably due to the reduction of NO 3 − concentrations in the nutrient solution after partially replacing NO 3 − by AA and NO 3 − uptake inhibition by AA. (Wang et al., 2008) .The interpretation of this effect is contradictory among researchers, with other stating that amino acids are preferably absorbed by plants as reduced nitrogen source (Gunes et al., 1994 (Gunes et al., , 1996 , while others claim that the main role of amino acids on nitrate uptake and assimilation is the regulation of many processes and metabolic pathways of plant N metabolism, such as nitrate. The results indicated that AA as a N source inhabited NO 3 − accumulation in lettuce shoots. The effect of amino acid application on NO 3 − reduction, has also been demonstrated in field grown Pak-choi (Wang et al., 2007) , radish (Liu et al.,2008 a, b) , as well as lettuce (Gunes et al., 1994) and onion (Gunes et al., 1996) grown in NFT. The NO 3 − content of leafy radish was decreased 24-38% by applying MAA (the mixtures of alanine, β-alanine, aspartic acid, asparagine, glutamic acid, glutamine and glycine ) were sprayed to plant leaf (P < 0.001) as compared to the control (Liu et al., 2008a) 
